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Foreword
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Fredrick P. Cavedo, Energy Office, Directorate of Public Works, Fort Stewart,
GA.

The work was performed by the Energy Branch (CF-E) of the Facilities Division
(CF), Construction Engineering Research Laboratory (CERL). The CERL Prin-
cipal Investigator was Noel L. Potts. Special acknowledgment is given to
Charles M. Schmidt and John Salley, Schmidt Associates, Inc., Cleveland, OH,
for their efforts in gathering data from the wood-fired boiler at the Fort Stewart
Central Energy Plant. The technical editor was William J. Wolfe, Information
Technology Laboratory — Champaign. Dr. Thomas Hartranft is Chief, CEERD-
CF-E, and L. Michael Golish 1s Chief, CEERD-CF. The Technical Director of the
Installation Operations business area is Gary W. Schanche, CEERD-CV-T, and
the Director of CERL is Dr. Alan W. Moore.

CERL is an element of the U.S. Army Engineer Research and Development
Center (ERDC), U.S. Army Corps of Engineers. The Commander and Executive
Director of ERDC is COL John W. Morris III, EN, and the Director of ERDC is
Dr. James R. Houston.

DISCLAIMER: The contents of this report are not to be used for advertising, publication, or promotional
purposes. Citation of trade names does not constitute an official endorsement or approval of the use of
such commercial products. All product names and trademarks cited are the property of their respective
owners. The findings of this report are not to be construed as an official Department of the Army position
unless so designated by other authorized documents.
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1

Introduction

Background

Part of the plan to modernize the central energy plant (CEP) at Fort Stewart, GA
is focused on the installation’s wood-fired boiler, which provides steam for heat-
ing, cooling, and domestic hot water. The Keeler boiler (E. Keeler Co., Williams-
port, PA) is equipped with a Detroit Stoker traveling grate system. Its rated
steam output is 94,900 lb/hr. The water tube boiler is operated at 385 °F at 200
psig. The boiler burns waste wood consisting of a combination of bark, saw dust,
and chips. The average moisture content is approximately 45 to 50 percent.
Wood fuel is delivered in standard 40-45 ft trailers, which are emptied using a
hydraulic truck dump. The wood yard conveyor system (a combination of drag
chains and belts) is used to transfer the wood around the yard. An electric mag-
net is used to remove metal. After metal removal, the wood is delivered to the
hammer mill where large pieces are reduced in size. The wood is stored on the
ground, uncovered. A front-end loader is used to move the wood around the
storage yard and to load the feed bin. Drag chains are used to move the wood to
belts that supply the boiler. The wood is emptied into a feed hopper, the level of
which 1s controlled manually.

The steam produced by the wood boiler is connected to a common steam header
that is also fed by three natural gas/fuel oil boilers. The steam enters a cascade
system to produce high temperature water for the installation. During the cool-
ing season, the steam is also used as the heat source for two absorption chillers
with a combined capacity of 2700 tons. Steam production of the boiler is ap-
proximately 85,000 lb/hr for 9 months of the year. The CEP burns approxi-
mately 55,000 to 65,000 tons of wood per year. The boiler has planned shut-
downs twice a year (in April and October) for preventive maintenance and
necessary repairs.

The U.S. Army Engineer Research and Development Center, Construction Engi-
neering Research Laboratory (ERDC/CERL) was tasked with supporting Fort
Stewart in planning its CEP modernization. Modernization alternatives in-
cluded repair of leaking hot water distribution systems and partial decentraliza-
tion of the heating system.
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Objectives

The objectives of this study were to evaluate the Fort Stewart Wood-Fired Heat
Plant equipment and operations to determine the remaining life of the system
and to recommend alternatives to extend the system’s life for 20 years.

Approach

1. CERL researchers made site visits 1-3 November 2000 and 5-6 December 2000 to
inspect the equipment at the CEP and evaluate its condition.

2. During the visits, CERL and its contractor, Schmidt Associates Inc. (SAI) con-
ducted operational tests, made “cold iron” inspections, and reviewed plant logs.

3. Researchers recorded and analyzed the results of the inspections and tests, and
outlined two alternative options, which specify the improvements and repairs
needed to extend the system life.

Units of Weight and Measure

U.S. standard units of measure are used throughout this report. A table of con-
version factors for Standard International (SI) units is provided below.

Sl conversion factors

1in. = 254cm
1ft = 0.305m
1Ib = 0.453 kg
1psi = 6.89kPa
1ton = 907.18 kg
°F = (°Cx1.8)+32
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2 CEP Assessment

During the site visit on 1-3 November 2000, CERL and SAI inspected the fur-
nace, furnace tubes, generation bank, generator outlet duct, mechanical dust col-
lectors, and air heater. Appendix A contains the inspection data.

During the site visit 5-6 December 2000, CERL and SAI conducted a flue gas
analysis to determine boiler efficiency and inspected the wood- and ash-handling

system.

CHP Assessment Observations

The following sections summarize condition descriptions recorded during the site

visits.
Wood-Handling System

The wood-handling system was evaluated in operation to determine the modifi-
cations that would be required to improve efficiency, reduce equipment wear,
and improve safety and reliability.

The wood-handling system currently requires one person to constantly start and
stop the system to minimize bridging of wood into the surge hopper directly
above the two drag chain fuel feeders to the boiler. The plant personnel con-
stantly monitor the depth of wood in the surge hopper because:

e Too much wood depth results in bridging.

* Too little wood short fuels the boiler.

The condition of the wood-handling system is:

» Scale— The scale is adequate, however the system requires attendance.

o Truck Dumper— The dumper is adequate, however it also requires atten-
dance.

»  Receiving Hopper — This unit was not designed to handle wood waste. The
knuckle boom was added to deal with bridging. However, the placement of
the boom inside the hopper reduces the usable volume of the hopper, which
increases the time required to dump a truck, and which requires attendance.
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Unhogged Conveyor— This unit is adequate. The discharge hood cover and
the plugged chute switch needs to be replaced.

Disc Screen — The disc screen needs to be rebuilt and the discs at the inlet
should be spaced closer to prevent spears from passing straight through.
Wood Hog— This unit is adequate.

Fixed Stacker— This unit is adequate.

Reclaim Conveyor— This unit is adequate. The belt scale should be moved
and re-calibrated and the discharge hood should be covered. If the small
inlet hopper is to remain, the skirting should be continuous back to the origi-
nal load hopper. A magnetic separator should be added to this conveyor.
Reclaim Hopper— This unit is too narrow. The narrow width causes the
hopper to bridge frequently and prevents the unit from holding a sufficient
surge volume. This unit should be replaced.

Transter Conveyor from Reclaim Hopper— This unit is too high above the
ground, and is too short for the new underpile reclaimer arrangement. This
unit should be replaced.

Metering Bin — The unit operates fairly well, but requires continuous moni-
toring to ensure that the unit is not bridging. The operator empties the bin
every cycle. This allows tramp air to enter the boiler and provides no surge
capacity if a problem should occur when the bin is near empty. The chain
conveyors have an open area at the back to allow the return chains to clean
out. There are also large openings at the screw take-up. Both openings allow
tramp air to enter the boiler. Additionally, the covers and poke holes have
many areas that should be sealed up.

General Observations

All belt cleaners should be serviced and adjusted.

All speed switches should be tested and/or replaced.

Some return idlers show excessive wear and should be replaced.
This study did not check the condition of the belts.

The Fuel Yard should be paved.

Summary

The existing system is very manpower dependent. It requires extensive use of

mobile equipment, and cannot supply the boiler with consistent fuel on a con-

tinuous basis for a prolonged period of time. The system does not provide an

adequate air seal at the boiler.
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Steam Boiler
Traveling grate stoker

Some damage to the front area of the boiler and grate from excessive tempera-
tures is apparent (Figure Bl)*. The rear tubes are burnt and need replacing
(Figure B2). The damaged areas of the boiler are the insulating trays and the
guide supports on the grate. The damage appears to be caused by air entering
the boiler through the ash removal system.

The original water seal and drag chain has been removed and replaced with an
open duct with a metal door that dumps directly onto the ground. A slide gate
above the door has been damaged by excessive heat and is not used. The operat-
ing procedure is to open the metal door if there is piling in the front of the grate
to burn it off. The grate temperature thermocouples were not connected. (Most
wiring and junctions are missing.) The rails and all supporting steel look good.
The grate bars and chains are also good. The air seals were replaced around
May 2000 and look good. The bark chutes have been repaired and patched sev-
eral times, but appear operational. Plant personnel should check the rotary air
dampers and minimum flow dampers for stability and proper operation when the
boiler is operational. A pressure gauge should be installed on each damper to
check minimum and maximum flows and adjusted on-line.

Furnace tubes

The furnace has 122 tubes, specified to have an outside diameter of 3.25 in. and
a wall thickness of 0.165 in. There are 39 tubes on each of the left and right
walls and 22 tubes on each of the front and rear walls. Ultrasonic thickness test-
ing was conducted on 18 of the left wall tubes and 18 of the right wall tubes at
both 6 and 12 ft above the grate. Testing was conducted on 11 of the front wall
tubes at 7 ft above the grate and on 11 of the rear wall tubes at both 6 and 12 ft
above the grate. Figure Al (in Appendix A to this report) contain these test re-
sults. The left wall tubes had a minimum thickness of 0.166 in. and a maximum
thickness of 0.171 in., the right wall tubes had a minimum thickness of 0.168 in.
and a maximum thickness of 0.172 in. The front wall tubes had a thickness of
0.169 to 0.173 in. and the rear wall tubes had a thickness of 0.170 to 0.174 in.

“ Al photographic figures are included in Appendix B to this document.
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All of the tubes tested are within manufacturing tolerances and appear to be
new. Based upon the ASME code for tubes designated as SA-178 Grade A, the
allowable working pressure is over 1000 psig.

Casing and refractory

While tube thickness does not appear to be a problem, tube alignment and re-
fractory condition are major problems (Figures B3 to B14). The left and right
wall tubes are both bowed approximately 1 to 2 in. towards the middle of the
furnace. The bowing starts about 3 ft above the grate and extends up to the top
of the bridgewall. The tube misalignment is caused by the condition of the re-
fractory. There are numerous places where the refractory behind the furnace
tubes has cracked, moved, and/or fallen out. It is very likely that the tube ties
have broken due to deterioration of the refractory, which has allowed the tube
ties to be exposed to radiant heat in the furnace. The refractory has fallen out
with the opening almost to the outside casing in several places.

Air heater

The air heater, located between the boiler outlet and mechanical collector inlet is
used to preheat the combustion air and increase boiler efficiency. The air heater
1s a tubular type, in which the hot flue gas travels through the inside of the tube
and transfers heat to the combustion air moving around the outside of the tubes.
Because the flue gas side of the air heater is under negative pressure and the
combustion air side is under positive pressure, any holes in the tubes or the
sheets will allow combustion air to travel into the flue gas stream. The air infil-
tration will decrease the flue gas temperature and increase the flue gas oxygen
content. The cooler flue gas increases the chance of acid condensation at lower
boiler loads, which causes corrosion of the air heater tubes and scale buildup as
the load is increased and the acids evaporated.

The air heater (diagrammed in Figure A2) contains a total of 999 tubes, ar-
ranged with 54 rows of tubes across the width of the boiler (from left to right)
and 19 tubes per row in the odd numbered rows and 18 tubes per row in the even
numbered rows. Tube corrosion is a problem as evidenced by the condition of the
tubes. Ninety-nine of the tubes have been mechanically plugged due to holes in
the tubes. Another four tubes at the inlet end and twelve at the outlet end are
plugged with flyash. There are also three tubes that were found to have holes in
them. Leakage in the air heater was confirmed during the on-line boiler evalua-
tion. At the boiler outlet the flue gas oxygen content was measured to average
11.1 percent by volume on a dry basis. At the air heater outlet the flue gas oxy-
gen content had increased to 13.3 percent on a dry volume basis. This was at a
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1

boiler load of 70,000 to 78,000 Ib/hr. At lower boiler loads, the oxygen will be
even higher. High oxygen levels will cause the carbon in the flyash to begin to
glow and eventually burn causing warpage of metal. The hoppers of the me-
chanical dust collector were replaced due to fires and warpage of the walls. All
of the tubes should be replaced.

Mechanical dust collector

The mechanical dust collector is a multi-clone type manufactured by Zurn Indus-
tries (Figure B15). The unit has a total of 40 tubes arranged 8 rows across the
width of the boiler and 5 rows deep. The ash is collected in two hoppers.

The inlet guide vanes are in excellent condition with no scale buildup or broken
vanes. The collecting tubes are also in excellent condition with no signs of flyash
erosion patterns or holes. The gaskets between the bottom tube sheet and the
collecting tube are in good condition with no evidence of leakage. The dust dis-
charge boots at the bottom of the collecting tubes are tight to the tubes but are
warped, probably due to fires in the hoppers. These boots should be replaced to
ensure optimal collection efficiency. The hoppers have been recently replaced
and do not exhibit any signs of leakage. The only other problem found was on
the right section of the clean gas tube sheet where there was a %-in. hole in the
sheet allowing some of the dirty flue gas to bypass the mechanical collector. This
hole should be patched.

Breeching

The only area of the breeching that was found to be in need of repair was at the
boiler outlet. The vertical refractory on the right side of the boiler between the
boiler outlet and the air heater transition piece had a 2-in. wide opening that ex-
posed the blanket insulation.

Boiler efficiency test

During the evaluation site visit 05—06 Dec 2000, a boiler efficiency test was con-
ducted to determine the current operation of the boiler. The test was conducted
at a boiler steam flow of 68,000 to 78,000 lb/hr or 72 to 82 percent of capacity.
The flue gas was sampled at the boiler outlet and air heater outlet using an En-
erac 2000E for flue gas analysis and thermocouples for flue gas temperature.
Figure A3 shows the test results.

The flue gas at the boiler outlet averaged 11.1 percent Oz on a dry volume basis,
which compares very well with the plant oxygen analyzer of 9.6 percent Oz on a
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wet volume basis. The flue gas temperature using the portable thermocouple
was 493 °F versus the plant temperature of 478 °F. The CO averaged 1868 ppm
and NOx averaged 73 ppm, both on an uncorrected oxygen basis.

The flue gas at the air heater outlet averaged 13.3 percent Oz on a dry volume
basis with 672 ppm of CO and 55 ppm of NOx. The flue gas temperature was
346 °F.

The boiler efficiency was calculated according to the American Society of Me-
chanical Engineers (ASME), Power Test Code PTC 4.1, “Abbreviated Efficiency
Test, Heat Loss Method.” Using the boiler outlet flue gas oxygen of 11.1 percent
and the air heater outlet flue gas temperature of 346 °F, the efficiency was calcu-
lated to be 64.57 percent. This efficiency includes a carbon loss (unburned car-
bon) of 2.00 percent and a radiation loss (heat loss through the boiler casing) of
0.71 percent.

The boiler outlet oxygen content of 11.1 percent dry volume or 9.6 percent wet
volume means the boiler is operating at over 110 percent excess air. This is
much too high for efficient operation. Typical operation should normally be
around 50 percent excess air. The excess oxygen is most likely entering the fur-
nace through the misaligned or missing refractory previously mentioned. By re-
ducing the excess air from 110 to 50 percent, the boiler efficiency will increase by
2.6 percent which will reduce the fuel input by the same amount.

The flue gas oxygen content increased from 11.1 percent at the boiler outlet to
13.3 percent at the air heater outlet. This is due to the poor condition of the air
heater tubes, which allows some of the forced draft combustion air to mix with
the flue gas. This increases the mass flue gas flow by 25 percent.

By increasing the excess air from 50 to 110 percent, the mass flue gas flow will
increase by 34 percent. This will cause higher flue gas velocities through the
generation section of the boiler resulting in reduced heat transfer from the flue
gas to the water in the tubes and increase tube erosion by the flyash.
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3 CEP Improvements
The results of the site investigation indicate several areas where design, repair,
and maintenance improvements are needed to modernize the CEP for continued
operation for the next 20 years.
Wood-Handling System
The two options for improvement of the wood-handling system described in the
following sections have different manpower and implementation costs.
System A
Table 1 lists the components and total cost for System A.
Table 1. Components and total cost for System A.
No. Component Total Cost
1 8 ft, 0 in. wide x 33 ft, 0 in. centers, 4-chain underpile reclaimer with 2-spike roll
discharger. The unit shall be powered by a 15 HP variable speed drive and the
spike rolls shall be powered by a 10 HP drive.
1 36 in. wide x 571t, 0 in. £ long, 35 degree troughed, collection conveyor with chan-
nel frame, belt scale and 10 HP drive.
1 36 in. wide x 78 ft, 0 in. £ long, 35 degree troughed, transfer conveyor with channel
frame and 10 HP drive.
1 Electromagnet with support structure and mono-rail.
1 Relocate and recalibrate existing scale on the existing reclaim conveyor.
1 Extend the existing reclaim conveyor to the center of the boiler.
1 Double discharge, six screw, live bottom metering bin, mounted on load cells and
complete with high/high level indication. The unit shall be powered by two 15 HP
VFD drives which shall be controlled by the existing boiler controller.
2 Chutes with thermal expansion joints to the existing solid fuel stoker chutes.
1 Lot existing conveyor belt cleaners, and zero speed switches, repair/replacement
and adjustment.
1 Rebuild of existing disc screen (primarily new rotors).
1 Discharge hood cover and plugged chute switch for the existing unhogged belt
conveyor.
1 Lot civil, mechanical and electrical construction of the above described equipment.
Total Estimated Budget Price for Wood-Handling System A Equipment/Construction | $1,328,000
as Described
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System A will provide fuel continuously to the boiler for a prolonged period of
time and will provide an adequate air seal at the boiler. The system will not sig-
nificantly reduce manpower. However, it will reduce the demands on the operat-
ing personnel. The new reclaim hopper can be heaped and left unattended for an
hour. This metering bin will operate automatically, requiring attention only if
there is a malfunction. The magnetic separator will keep tramp metal out of the
metering bin and out of the ash stream. Keeping tramp iron out of the ash be-
comes even more important if the ash system is automated.

Paving the fuel yard helps prevent dirt and rocks from entering the fuel supply,
shortens mobile equipment cycle time, reduces wear on mobile equipment, is less
prone to cause personal back injuries, and reduces fugitive dust problems.

System B

Table 2 lists the components and total cost for System B.

Table 2. Components and total cost for System B.

No. Component Total Cost

1 Six chain, 4,800 cu ft truck receiving hopper with single spike roll discharger
and adjustable strike-off gate. The unit shall be powered by a 60 HP variable
speed drive and a 7-1/2 HP spike roll drive.

1 Lot automation of the truck scale/dumper to allow truck drivers to dump their
own trucks and to automatically print tickets.

1 Discharge hood cover and plugged chute switch for existing unhogged belt
conveyor.
1 Rebuild of existing disc screen (primarily new rotors).

1 48-in. wide x 144 ft, 0 in. + long, 35 degree troughed, inclined stacker feed
conveyor with truss, frame and walkway. The unit shall be powered by a 20 HP
drive.

1 1,300 ton capacity, twin pile, stacker reclaimer with independent PLC controls.
The unit shall be capable of automatically stacking wood waste (20 Ib/cu ft) at
the rate of 75 tons per hour, designed to provide complete reclaiming to grade
automatically, at the rate of 4 to 24 tons per hour. The unit shall not require
underground pits and shall be capable of stacking and reclaiming simultane-
ously without attendance, in winds up to 45 miles per hour. The reclaimer shall
be powered by 7%z HP, 40 HP, and 30 HP motors and the stacker shall be pow-
ered by a 10 HP motor.

1 30 in. wide x 60 ft, 0 in. £ long, 35 degree troughed, stacker/reclaimer collec-
tion conveyor with channel frame, belt scale and 10 HP drive.
1 8 ft, 0 in. wide x 33 ft, 0 in. centers, 4-chain underpile reclaimer with 2-spike roll

discharger. The unit shall be powered by a 15 HP variable speed drive and the
spike rolls shall be powered by a 10 HP drive.

1 36 in. wide x 51 ft, 0 in. + long, 35 degree troughed underpile reclaimer collec-
tion conveyor with channel frame, belt scale and 10 HP drive.

1 36 in. wide x 78 ft, 0 in. + long, inclined transfer conveyor with channel frame

and 10 HP drive.
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No. Component Total Cost
1 Electromagnet with support structure and monorail.

1 Relocate and recalibrate existing scale on the existing reclaim conveyor.

1 Extend the existing reclaim conveyor to the center of the boiler.

1 Double discharge, six screw, live bottom metering bin, mounted on load cells

and complete with high/high level indication. The unit shall be powered by two
15 HP VFD drives which shall be controlled by the existing boiler controller.

2 Chutes with thermal expansion joints to the existing solid fuel stoker chutes.

Lot existing conveyor belt cleaners and zero speed switches, re-
pair/replacement and adjustment.

1 PLC with operating program for the entire fuel handling system, capable of
interfacing with the existing boiler control system.
1 Lot civil, mechanical and electrical construction of the above described equip-
ment.
Total Estimated Budget Price For Wood-Handling System B Equip- $4,525,000

ment/Construction as Described

System B will also provide fuel continuously to the boiler for a prolonged period
of time and will provide an adequate air seal at the boiler. Additionally, this sys-
tem will allow manpower to be reduced. The minimum operating personnel
could be as few as two on the first shift and one on each of the night shifts. This
will in turn reduce the number of front-end loaders required.

The system will automatically blend the fuel when it is sent to the stacker re-
claimer and allows the fuel from long-term storage to be blended through the
underpile reclaimer. The truck dump/weighing system would be automated al-
lowing the truck drivers to dump their own trucks. The only operator interven-
tion required is to select the destination for the fuel. The only fuel that will be
handled by front-end loader is the fuel to and from long-term storage. Fuel in
long-term storage can be sent to the boiler through the underpile reclaimer or
through a man-made pile at the stacker reclaimer. The new underpile reclaimer
can be heaped and left unattended for an hour. The stacker/reclaimer can be
loaded by front-end loader or automatically and may be left unattended for 3 to 4
days.

The metering bin will operate automatically, requiring attention only if there is
a malfunction. The magnetic separator will keep tramp metal out of the meter-
ing bin and out of the ash stream. Keeping tramp iron out of the ash becomes
even more important if the ash system is automated.

Paving the fuel yard will help prevent dirt and rocks from entering the fuel sup-
ply, increase mobile equipment cycle time, reduce wear on mobile equipment,
reduce fugitive dust problems, and be less prone to cause personal back injuries.
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Steam Boiler and Air Heater

The steam boiler and air heater require major repairs to extend the operating
life another 20 years. The furnace section of the boiler will require complete re-
moval of the outside casing for complete replacement of the existing firebrick
tile, high-temp block insulation, blanket insulation, and tube ties. The standard
square edge tile should be replaced with shiplap design tile in an attempt to
eliminate the tile movement condition that now exists. Table 3 lists recom-
mended additional boiler and air heater repairs. The total estimated budget
price for steam boiler and air heater equipment/construction as described in this
paragraph (and Table 3) is $917,000.

Table 3. Recommended additional boiler repairs.

Component

Complete replacement of the first pass baffle tile and corner seals

Complete replacement of the lower front wall castable insulation and anchors

Complete replacement of the front ash hopper castable insulation and anchors

Complete replacement of the drum end insulation and aluminum lagging

The air heater requires complete replacement of all 999 tubes
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Conclusions

This study evaluated the Fort Stewart Wood-Fired Heat Plant equipment and
operations to determine the remaining life and alternatives for extending the
system’s life for 20 years.

The evaluation showed that the existing system is very manpower dependent.
The system requires extensive use of mobile equipment and yet cannot supply
the boiler with consistent fuel on a continuous basis for a prolonged period of
time. The system also does not provide an adequate air seal at the boiler (Chap-
ter 2).

Design, repair, and maintenance changes are needed in several areas to modern-
ize the CEP for continued operation for the next 20 years, including two avail-
able options for improving the wood-handling system (pp 7, 14) and major re-
pairs to the steam boiler and air heater system (p 16).



18 ERDC/CERL TR-02-23

Appendix A: Fort Stewart Field Data

Utility Modernization Analysis Boiler NDT Data Sheet
Boiler Test Data (Wood Boiler) - Fort Stewart, GA
Boiler Furnace Tube Thickness Testing
Left WWall Right Wall
B'Above Grate |12 Above Grate B' Above Grate |12 Above Grate Left Wall
Tube #from Minirmum 0.166
Frant Wall A, 0171
2 0170 0170 0171 0.168 Maximum 0175
4 0170 0.174 0.174 0.174
B 0.172 0.171 0.178 0.175 Right Wall
8 0171 0.174 0172 0174 Minirmum 0.168
10 0172 0.175 0.174 0170 Auve 0172
12 0.166 0.172 0.170 0.171 haximum 0178
14 0.172 0.172 0171 0.169
16 0170 0172 0170 0172
18 0.169 0171 0173
20 0.170 0.171 0.172
22 0170 0172 0.173
24 0.1658 0.168 0172 0170
26 0.174 0.174 0.170 0.169
28 0170 0.169 0170 0.168
30 0172 0172 0.174 0172
32 0173 0.175 0.172 0.172
34 0.174 0.174 0.175 0.174
36 0172 0170 0.174 0172
Front YWall Rear Wall
7' Above Grate B' Above Grate [12' Above Grate Front ¥Wall
Tube #from Left hinirnuem 0,163
Facing Feeders Awe. 0173
2 0172 0.175 0.174 haximum 0174
4 0.169 0.175 0.176
B 0.174 0.174 0.178 Rear Wall
8 0.173 0172 0172 Minirnum 0170
10 0.174 0.172 0.176 Ave, 0.174
12 0172 0172 0171 Maximum 0178
14 0.174 0.176 0172
16 0.170 0.175 0.170
18 0.175 0.173 0.172
20 0.175 0.174 0172
22 0.173 0.174 0172

Figure A1. Furnace tube thickness.




ERDC/CERL TR-02-23

Utility Modernization Analysis

Boiler NDT Calc Sheet

Boiler Test Data (Wood Boiler) - Fort Stewart, GA

Buoiler FurnaceTube Testing

Left Wall
Mlinirmurn
A

Right Wall
hinirnurm
A

Tube Type
Stress Factor (ASME Code)
Temp (F)
Tube OD {in)
e factar

Boiler FumaceTube Testing

Front Wall
Minirmurm
A

Rear WWall
Minirmurm
A

Tube Type
Stress Factor (ASME Code)
Temp (F)
Tube OD (in)
e factar

Thickness

0.166

0.171

Thickness

0.16G

0.172

SA 176 grA

11500

&00

3.25

1]

Thickness

0.189

0.173

Thickness

0.170

0.174

SA 176 grA

11300

=]

3.25

1]

Min {psig) P
Ave (psig) P

hin (psig) P
Ave (psig) P

Min (psig) P
Ave (psig) P

Min (psig) P
Awe (psig) P

AP

1,140

1,183

AP

1,156

1,183

AP

1,164

1,194

AP

1,172

1,200

Figure A1. (cont’d).
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AH Inspection

Utility Modernization Analysis
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Figure A2. Air-heater inspection data.
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AH Inspection

Utility Modernization Analysis
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Figure A2. (Cont’d).
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Utility Modernization Analysis Boiler Data Sheet
Boiler Test Data (Wood Boiler) - FT. STEWART, GA 05 Dec 2000
Plant'Gage Readings
Time 15:47 16:04 16:05 16:08 16:11 16:12
Flue Gas Temp (F) 514 514 514 478
Oxygen % 9.1 9.9 1.3 9.4 8.1 9.5
Stearn Flow (Kibs/hr) 70 70 70 70 70 ati]
Boiler Qutlet Data (Enerac)
Oxygen % 10.89 1.2 12.7 1.0 10.4 10.2
Combustibles % 0.3 0.34 0.40 0.31 0.36 0.35
COippr) 1248 1598 2200 1952 2200 2008
MO (prn) 51 59 65 66 59 58
MNO2 (pprm) 0 12 13 15 15 16
MO (ppm) 51 80 80 81 73 73
S0 (ppm) 0 0 0 0 0 i
Flue Gas Temperature (F) 493
Arnbient Temperature (F) 33 a7 o6 a3 g2 g2
Plant/'Gage Readings
Tirne 16:47 16:49 16:58 17:03 17:03
Flue Gas Temp (F)
Duygen % 9.0
Steam Flow (Kibs/hr) 78
Air Heater Qutlet Data (Enerac)
Oxygen % 14.1 13.4 13.7 11.6 13.6
Combustibles % 0. 0. 0.22 0.19 017
CO(pprm) g2 B54 1115 415 282
MO (prm) 28 35 32 57 51
MO2 (pprm) 16 18 21 9
MO (ppm) 43 53 52 70
S0 (ppm) 0 0 0 0
Flue Gas Temperature (F) 352 340
Ambient Temperature (F) 73 73 73 73 73

Figure A3. Boiler efficiency test data.
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Utility Modernization Analysis Boiler Calc. Sheet |

Boiler Test Data 05 Dec 2000

Plant/Gage Readings

Fuel (Btu/lb) 4250

Calculated

Time Average Excess Air 110.22%
Flue Gas Temp (F) 505 Gross Efficiency B7.29%
Oxygen % 96 Radiation Loss 0.71%
Stearn Flow (Klbs/hr) 70 Carbon Loss 2.00%
Met Efficiency 54 55%
Boiler Outlet Data {Enerac) Fuel Curve
Oxygen % 11.1 Btu/lh 4250
Combustibles % 0.35 Excess Air 112.00%
CO(ppm) 1868 Gross Efficiency B7.25%
MO (prm) 62 Radiation Loss 0.71%
MNOZ (ppm) 12 Carbon Loss 2.00%
MO (ppm) 73 MNet Efficiency 64.57 %
S0x (ppm) 0
Flue Gas Temperature (F) 493
Arnbient Termperature (F) 86
80|Average
Plant/Gage Readings
Time Average
Flue Gas Temp (F)
Cixygen % 9.0
Stearn Flow (Klbs/hr) 78

Air Heater Qutlet Data (Enerac)

Oxygen % 13.3
Combustibles % 0.2a
CO(ppm) B2

MO (prm) 45

MNOZ (ppm) 16

MO (ppm) 55

S0x (ppm) 0

Flue Gas Temperature (F) 346
Ambient Temperature (F) 73

Figure A4. Boiler efficiency calculations.




ERDC/CERL TR-02-23

Utility Modernization Analysis Boiler Calc. Sheet I
Wood Boilers Flue Gas Logses
Btu/lb Flue gas (F) T amb (F) Dry Gas Water Vapor Unacctd. Total Loss
HHY | 4250 346.0 a0 012106 019099 001500 I2T1%
Combustion Eff 67.29% Stochiometric Excess Air Dry gas loss includes
Fuel % Ibflb AF Ibflbmol lbrmol/lb AF  lbmolflb AF  Ibmoledlb AF sensihle heat in water
C 25.12% 12 0.02033 Balance C, H2 and wapor. VWater vapor loss
Hz 3.10% 2 0.01550 = for stocimetric include fuel moisture and
02 21.55% 32 0.00673 conditions. Balance H2 formation. 1.5%
M2 0.03% 28 0.00001 02, N2 at excess unaccounted in wood.
] 0.00% 32 0.00000 air conditions.
H20 (lig) S0.00% 14 0.0277a
Ash 0.20% MY Mole Fract = -
Tatal 100.00% Sulutl.un balances.the cthustl_u_n
equation for stochiometric conditions
Ajr 010245413 and then calculates excess air and
12 79 0% 0.08099491 recalculates flue gas products and
02 21.00% 002153029 |Properties
Incremental Excess Air 0.02373
Excess Air % 110%
Flue Gas % Gas Yol (d Dry Gas Frac LbMaoles/lb fuel
02 11.07% 11.07% 0. 11067
CO (pprn) 1867 B7 0.19% 0.00187
coz not meas 0.02051 T
Combustibles [.35% 0.35% 0.00345 carbon loss ta ash
MO (ppm) 0.00% 0.00000 (96% C forms
SOy (pprn) 0.00% 0.00000 Co2)
H20 0.04328
M2 0.0809%
S0z (0.00000
026074
deg F 2960
FPalynaornial Coeff deg K 419.833333
Gas a h C cp cp ave (Btu/lb Ibmale/lb fuel Btu/lb fuel deg F
coz 10.34 0.00274 -195500 103811866 103811866 002051 021296658
S02 TF 00053 000000053 100714125 100714125 0.00000 0
H20 .22 0.00015 0.00000134 251916344 851916344 004328 036869046
M2 G5 0.001 B.91983333  B.91933233 0170719501 11777211
02 827 0.000258 87700 73341305 731341305 002373 017355818
Palynomial equations from Perry's Chemical Handbook Sum 1.93253632

Tahle 3-181, Originally from US Bureau of Mines Bull
371, 1934 and USEM Bull 477, 1245

Figure A4. (Cont’'d).
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Utility Modernization Analysis

Combustion Analysis

Plant Ft Stewart
Date: December &, 2000
Boiler No.: Wood

Test No.: Current Operation

Lnit
Ag Received Fuel Ultimate Analysis

% Carbon % Weight
% Hydrogen % Weight
% Sulfur % Weight
% Oxygen % Weight
% Nitrogen + Chlorine % Weight
Y Ash % Weight
% Maisture % Weight
Total % Weight

Heat of Combustion Btu/Lb

Indicated Steam Flow Lbs./Hr.

Drurn Pressure PEIG
Superheated Steam Temperature Degrees F
Superheater Outlet Pressure PSIG
Stearn Flow Orifice Design Pressure PSIG
Feedwater Temperature Degrees F
Eoiler Blowdown Rate Y

Combustion Air Temperature Degrees F
Cornbustion Ajr Maisture Lb./Lh.

Boiler Qutlet Flue Gas Temperature Degrees F

Ajr Heater Outlet Flue Gas Temperature Degrees F

Buoiler Qutlet Oxyyen In Flue Gas - Dry Wolume Y

Air Heater Outlet Ciygen In Flue Gas - Dry Yolume E
ABMA Carbon Loss Yo

ABMA, Radiation Loss Y

Effective Grate Area for Burning  Sguare Feet

Enthalpy of Flue Gas Maisture Btu/Lb.
Enthalpy of Fuel Moisture Btu/Lb.
Specific Volume of Steamn at Calibration Pressure  Lbs./Cu. Ft
Specific Yolume of Steam at Indicated Pressure  Lbs./Cu. Ft
Carbon Burned to Fuel Ratio Lb./Lb.
Dry Gas to Fuel Ratio Lb.fLb

Dy Wolume CO2 Y

Diry Vaolume 02 Yo

Dry Yolume CO Y

Drry Wolume N2 Y

Excess Air %o

Dry Gas Heat Loss Ya
Moisture in Fuel Loss Ya
Maisture From Combustion of Hydrogen Loss Y
Carbon Loss Y

Radiation Loss Yo
Unaccounted Losses Yo
Total Losses Yo

Met Heat Loss Efficiency g

Specific Yolume Corrected Indicated Steam Flow Lbs./Hr.
Elowedown Flow Lbs./Hr.
Stearn Enthalpy Btu/Lb.
Feedwater Enthalpy BtuiLb.
Blowdown Enthalpy Btu/Lb.
Steam Net Enthalpy Btu/Lb.
Blowdown Met Enthalpy Btu/Lb.
Burning Rate of Wood on Grate  BtufSg. Ft.Hr.

Stearn Heat Output Bitu/Hr.
Blowdown Heat Output Bitu/Hr.
Total Heat Output Bitu/Hr.
Buoiler Heat Input Bitu/Hr.
Calculated Fuel Used Lbs./Hr.
Boiler Qutlet Total Wet Gas Lbs./Hr.
Buoiler Qutlet Flue Gas Temperature Degrees F
Boiler Qutlet Wet Gas Flow ACFM
Air Heater Outlet Total Wet Gas Lbs./Hr.
Ajr Heater Outlet Flue Gas Temperature Degrees F
Air Heater Qutlet Wet Gag Flow ACFM

Data

25120
3.100
0.000

21550
0.030
0.200

50.000

100.000
4250

70 857
200
sat

200
386

0

a0
0013
493
346
11.10%
13.30%
2.000%
0.710%
157 5

1216.86

43.02

1

1
0.2453
6.5241

9.38%

11.10%

0.00%

79.52%

108.55%

9.7999%
13.7511%
7 E731%
2.0000%
0.7100%
1.5000%
-36. 4341 %
B4.6659%

70 857

1,189.2820
356.8050
3517816
8404770

29766
585 532

29 553 679
59 553 679
92,237 012
21 702,83
160,181
193

B 747
200,146
346

70,135

Figure A5. Combustion analysis.
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Utility Modernization Analysis

Combustion Analysis

Plant:
Date
Biniler No.:
Test Mo

Dry Cornbustion Air

Wet Combustion Air
Combustion Air Ternperature
Cornbustion Air Density
Combustion Air Flow

“Wolume Oxygen (02)
“aolume Sulfur Dioxide (502)
“Yolume Carbon Dioxide {CO2)

“Waolume Mitrogen (N2)

“Wolume Oxygen (O2)

“Waolume Sulfur Dioxide (S02)
“olure Carbon Dioxide (COZ2)
“Wolume Mitrogen (N2)

Waolume Moisture (H20)

Dry Flue Gas Carbon Dioxide (CO2)
Dry Flue Gas Sulfur Dioxide (502)
Dty Flue Gas Oxygen (O2)

Dry Flue Gas Mitrogen (N2)

Dry Flue Gas Total

Dry Flue Gas Carbon Dioxide (CO2)
Dry Flue Gas Sulfur Dioxide (502)
Dty Flue Gas Oxygen (O2)

Dry Flue Gas Mitrogen (N2}

Dry Flue Gas Total

Diry Flue Gas Carbon Dioxide (CO2)
Dry Flue Gas Sulfur Dioxide (302)
Dry Flue Gas Oxygen (02)

Dry Flue Gas Mitrogen (M2)

Dry Flue Gas Total

Dry Flue Gas Total

Actual Dry Flue Gas Ternperature
Actual Ory Flue Gas Density
Standard Dry Flue Gas Temperature
Standard Dry Flue Gas Density

Wyet Flue Gas Carbon Dioxide (CO2)

Wyt Flue Gas Sulfur Dioxide (502)

Wet Flue Gas Oxygen (02)

Wyet Flue Gas Mitrogen (N2)

Wyt Flue Gas Moisture (H20)

Wet Flue Gas Combustion Air Moisture (H20)
Wet Flue Gas Total

Wyet Flue Gag Carbon Digxide (CO2)

Wet Flue Gas Sulfur Dioxide (S02)

Wet Flue Gas Ouygen (02)

Wyet Flue Gas Mitrogen (h2)

Wet Flue Gas Moisture (H20)

Wyet Flue Gas Combustion Air Moisture (H20)
Wet Flue Gas Total

Wyet Flue Gas Carbon Dioxide (CO2)
Wyt Flue Gas Sulfur Dioxide (502)
Wet Flue Gas Oxygen (02)

Wyet Flue Gas Mitrogen (N2)

Wyt Flue Gas Moisture (H20)

Wet Flue Gas Combustion Air Moisture (H20)
Wet Flue Gas Total

Wet Flue Gas Total

Actual Wet Flue Gas Temperature
Actual Wet Flue Gas Density
Standard YWet Flue Gas Ternperature
Standard Wet Flue Gas Density
Flow Based on Dry Oxygen of

Tatal Dry Flue Gas Flow

Ft Stewart
December &, 2000
Wood
Current Operation

Unit
Lbs./Hr.
Lbs./Hr

Degrees F
Lbs./Cu. Ft.
ACFM

% Dry Wolume
% Dry Wolume
% Dry Wolume
% Dry Wolume

% WWet Volume
% et Volume
% Wet Volume
% WWet Volume
% et Volume

Lbs./Hr
Lbs./Hr.
Lbs./Hr.
Lbs./Hr.
Lbs./Hr.
DSCFM
DSCFM
DECFM
DSCFM
DSCFM
Malecular Weight
Molecular Weight
Malecular Weight
Malecular Weight

Malecular Weight
Degrees F
Lbs./Cu. Ft
Degrees F
Lbs./Cu. Ft.

Lbs./Hr.
Lbs./Hr.
Lbs./Hr
Lbs./Hr.
Lbs./Hr.
Lbs./Hr
Lbs./Hr.
SCFM
SCFM
SCFM
SCFM
SCFM
SCFM
SCFM

Malecular Weight
Malecular Weight
Molecular Weight
Malecular Weight
Malecular Weight
Molecular Weight
Malecular Weight
Malecular Weight
Degrees F
Lbs.{Cu. Ft.
Degrees F
Lbs./Cu. Ft

dscim

Data
136 869.07
138 B48.37
il
0.0736111
3139208
Eoiler Outlet  Air Heater Outlet
Flue Gas Flue Gas
11.100% 13.300%
0.000% 0.000%
9.384% 7.278%
TH.816% T9.422%
9.106% 11.324%
0.000% 0.000%
7.698% 6.196%
B5.228% B7 B20%
17.968% 14.060%
19511.44 19,511.44
16,780.90 2592725
106,246.14 135,651.52
141537 .49 180,930.21
2846.76 2,846.76
3367.28 520259
2412178 3 ,067.89
30.336.62 38,117.25
44334 443.34
524.40 G10.23
375661 483836
472435 B,091.593
2595813 29708954
493.00 346.00
0.043082 0.050326
70.00 70,00
0.077465 0.076823
19.511.44 19,511.44
16,780.90 2B9278
106,246.14 135,651.52
16,863.79 16,863.79
1,778.30 229218
160,180.57 200,146.18
284676 284676
3367.26 5,202.59
2412178 3 ,067.89
5010.49 5,010.49
B34.17 G16.97
36.980.49 4594471
44334 443.34
524,40 810.23
3,7486.61 4,836.36
936.04 936.04
95.76 12723
4.758.16 7.156.20
.e1318 279721
493.00 346.00
0.039996 0.047561
70,00 70.00
0.071519 0.072330
11.10% 13.30%
30,335.82 I/ N7

Figure A5. (Cont’d).
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Utility Modernization Analysis Combustion Analysis
Plant: Ft Stewart
Date: December 5, 2000

Boiler Mo.: ¥Wood
Test No.:  Current Operation

Products of Combustion and Theoretical Air

Fuel % | Oxygen Required [ Flue Gas Products -
Constiuent Wieight | far Cornbustion | coz | | H20 |
| | | | |
Carhon 2534% | ¥ 26644 = 06537 | X 36644 = 08990 | | |
Hydragen 3.100% | ® 79385 = 0.2460 | | | ¥ 889385 = 02770 |
Sulfur 0.000% | ® 09981 = 0.0000 | | X 1.8881 = 00000 | |
Oxygen 21.650% | | | | |
Mitragen 0.030% | | | | | ¥ 1.0000
Ash 0.200% | | | | |
taisture 50.000% | | | | 05000 |
== ====== | [ ======|
TOTALS 99.41% | 0.8297 | | 07770 |
Less 02 In Fuel (0.2155)
= Lbs. Airof 2961 n07889 = 2278
MNet 02 Required 0.6842
Total N2 = 2277
0z
--------------------------- = Lbs. Air = 2961
0.2311 Test
Faint
% Excess Air 0.00% 10.00% 2000%  30.00% 4000%  50.00% 60.00%  70.00% 80.00%  113.01%
Weight of Flue Gas Products
Lbs. COZ/Lb. of Fuel 0.829 0.899 0.893 0853 0.893 0.829 0.899 0.893 0.899 0.899
Lhs. SO2/Lh. of Fuel 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Lbs. O2/Lh. of Fuel 0.000 0.085 0137 0205 0274 0.342 0.411 0.473 0.547 0773
Ibs. N2/Lh. Of Fuel 2277 2,504 2732 2960 3.187 3.415 3643 3870 4.095 4.849
Lbs. Dry ProductsiLb. of Fuel 3176 3472 3.768 4.064 4.360 4656 4952 5.248 5.544 6.522
Lbs. Water/Lb. of Fuel 0777 0777 077 0777 077 0777 0.777 077 077 077
Lbs. of Water/Lh. of Dry Air 0.035 0.042 0.0456 0.050 0.054 0.055 0.052 0.065 0.0659 0.082
Lbs. Wet Products/Lb. of Fuel 3.991 4.291 4,591 4.891 5.191 5.491 5791 6.091 5.391 7.381
Lbs. Dry AirfLb. of Fuel 2981 3.257 3.553 3.849 4.145 4.441 4737 5.033 5329 5.307
Lbs. Wet Ait/Lb. of Fuel 2929 3.299 3.599 3859 4.193 4.429 47599 5.093 5.399 5.385
Conwert Dry Weight to Dry Yolume at 68 Degrees F
cozy 0.11423 7.87 - 787 787 7a7 787 787 7a7 - 7.870
302/ 016625 0.0o 000 0.00 0.00 0.0 0.00 0.00 0.0 000 0.000
02/ 0.08306 n.0o n.g2 1.65 247 330 412 4.94 877 6.59 9,309
N2 f 0.07272 1.3 34.44 ar.a7 4070 43.83 46.96 50,09 5322 56,35 6. 667
Total 392 431 471 51.0 55.0 59.0 629 66.2 08 83.867
% CO2 Dry Volume 20.09% 18.25% 1B71%  15.42% 1431%  1335% 1251% 11.77% MA1% 9.384%
% 302 Dry Volume 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.000%
% 02 Dry Yolume 0.00% 1.91% 3.50% 4.84% 5.99% 5.99% 7.86% 8.62% 9% 11.100%
% M2 Dry Wolume 7991%  79.84% 79.78%  THT4% 7970%  T9BE% 7963%  79ED% 79.58%  79.516%
Convert Dry Weight to Dry Wolume at B5  Degrees F
coz/ 0.11423 .87 T Tar 787 7ar 7ar 7ar 7ar T 7.870
502/ 0.16625 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.000
02/ 0.03306 n.0o n.g2 165 247 330 412 4.94 877 559 9,309
h2 7 007272 3131 34.44 I7.a7 4070 4383 46.96 50,09 5322 56.35 66.687
H20/ 0.04676 17.44 17.52 17 60 1769 1777 17.85 17.93 18.02 18.10 18.370
Total 566 BO.7 B4.7 63.7 728 765 80.58 84.9 59 102,237
% CO2 Wet Volume 13.80% 12.98% 1217%  11.45% 1082%  10.25% 9.74% 9.27% 8.85% 7.693%
% 502 Wet Volume 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.000%
% 02 Wet Volume 0.00% 1.36% 2.55% 3.60% 4.53% 5.36% 6.11% 6.79% 7 41% 9.106%
% M2 Wet Yalume 55.30%  56.78% 58.08%  59.22% BD24%  61.158% 61.97% B271% 63.38%  B5.228%
% H20 Wet Volume 0.80%  28.89% N2N% 2B73% 24.42%  2324% 2218% 2123% 0.35% 17.968%

Figure A5. (Cont’d).
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Appendix B: Site Visit Photos from Fort
Stewart

Figure B1. Wood feeder.
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Figure B2. Rear of grate.

Figure B3. Upper rear wall.
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Figure B4. Left rear corner.

Figure B5. Left wall.
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3

Figure B6. Left wall.

Figure B7. Front wall above feeder.
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Figure B9. Front wall.



ERDC/CERL TR-02-23

33

Figure B10. Right wall burner.

Figure B11. Right wall above burner.
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Figure B13. Right wall.
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Figure B14. Right wall.
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Figure B15. Zurn collector tube.
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Figure B16. Bottom ash chutes.

Figure B17. Flyash chutes.
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Figure B18. Reinjection system.

Figure B19. Reinjection connections.
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Figure B20. ID fan wheel.
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